Abstract: This work introduces the topic of the authentication of cranberry-based products and the detection and quantification of possible adulterations with other raw materials of lower quality. For such a purpose, genuine and adulterated cranberry samples were analyzed by reversed-phase HPLC with UV detection. Sample components were separated using an elution gradient based on 0.1% (v/v) formic acid aqueous solution and methanol as the components of the mobile phase. Chromatograms were recorded at 280, 370 and 520 nm. Data resulting from the injection of pure and adulterated samples, consisting of chromatographic fingerprints at each detection wavelength, were analyzed chemometrically. Preliminary studies by Principal Component Analysis showed that the sample extracts were clearly distributed depending on the extent of adulteration. Data was further treated by Partial Least Square regression to determine the percentages of grape contamination. It was found that even mixture samples containing low percentages of grape could be distinguished from genuine cranberry extracts. Besides, results obtained were highly satisfactory, with overall quantification errors lower than 5%. As a conclusion, the method proposed here resulted in an excellent approach to carry out the authentication of cranberry-based products relying on polyphenolic fingerprints.
INTRODUCTION
Food products and pharmaceuticals prepared with American red cranberries (Vaccinium macrocarpon) are gaining importance in our society due to some healthy effects on humans, including antioxidant, anti-inflammatory and bacteriostatic activities [1] . Although some of these properties have been attributed to the occurrence of high levels of overall polyphenols, antibiotic effects are quite specific of A-type proanthocyanidins (PACs), a type of flavonoid unique of cranberries [2, 3] . Nowadays, however, some concerns have arisen on the evaluation of authenticity of red cranberry extracts as well as on the detection of possible adulterations with less expensive fruits like grapes or blueberries, which do not contain the appropriate PACs for having the desired bioactivity. This fact reveals the importance of developing analytical methodologies for the characterization of natural extracts to deal with authentication issues regarding the fruit of origin.
Cranberries contain high amounts of polyphenols including benzoic and cinnamic acids, and flavonoids such as anthocyanins, flavonols, and flavan-3-ols [4, 5] .
In particular, flavan-3-ols (catechins and epicatechins) occur in cranberry in both monomeric and polymeric forms (i.e., PACs). Figure 1 ). In general, 60% of PACs in cranberry are A-type ones [6] . B-type PACs are found in other food products like tea, chocolate, blueberry or grapes.
Various analytical methods have been proposed to tackle the determination of PACs in fruit products. A rough estimation of overall contents can be assessed by simple colorimetric analysis based on the measurement of the absorption at 545 nm. A more sensitive assay rely on the reaction of PACs with 4-dimethylaminocinnamaldehyde (DMAC) [7, 8] . Obviously, these methods are not selective and just provide an overall PAC index unable to differentiate among A-, B-types and other related molecules. For a more comprehensive insight in the PAC analysis, liquid chromatography (HPLC) with UV detection or coupled to mass spectrometry (LC-MS) [9] [10] [11] [12] have been proposed. Analytes are typically separated by reversed-phase mode using acidified aqueous solutions and methanol or acetonitrile as the components of the mobile phase [13] . In general, the great structural diversity of PACs due to the variety of polymerization possibilities [14] leads to complex profiles with multiple peak overlapping. In this regard, high resolution mass spectrometry (HRMS) may contribute to achieve a more efficient characterization of such complex polyphenols [15] . As an example, Rockenbach et al. [16] used a Fourier-transform ion cyclotron resonance mass spectrometry (FTICR-MS) being able to characterize and assign the elemental composition of 251 different flavan-3-ol compounds in grapes. Regarding cranberry-based products, Iswaldi et al. proposed the use of time-of-flight mass spectrometry (TOF-MS) for the characterization of the phenolic fraction in cranberry syrup [11] . Apart from chromatography, capillary electrophoresis (CE) has appeared in the analytical arena as an alternative technique for the determination of polyphenolic compounds in fruit-based products [17] [18] [19] [20] [21] .
Characterization and classification of fruit products can be tackled from compositional profiles as a source of analytical information. For such a purpose, polyphenols as well as other low molecular weight organic molecules can be used as taxonomical markers to infer the origin of fruits. In this context, chemometric methods have been exploited to facilitate the extraction of relevant information from the analysis of compositional profiles or complex instrumental fingerprints of the corresponding samples [22] . Principal component analysis (PCA) is commonly focused on exploratory studies of characterization and classification of food products. More specific research on classification and pattern recognition can be conducted by discriminant analysis (DA), partial least squares-discriminant analysis (PLS-DA) and soft independent analysis of class analogies (SIMCA). For quantitative purposes, PLS is the one of the most popular methods for dealing with the determination of adulteration percentages.
In a previous publication, a preliminary characterization and discrimination of cranberry-and grapebased products was performed [23] . The method was based on fruit lyophilization to get dry fruit products, liquid extraction and purification to recover the polyphenolic fraction, and chromatographic analysis of extracts by HPLC and CE. Separation profiles were analyzed chemometrically and some relevant descriptors related to polyphenols, including PACs, were encountered. However, in this last method only 100% cranberry-based and grape-based samples were analyzed. The present work represents a step forward towards the detection and quantification of adulterations of cranberry extracts with grape-based products. For such a purpose, genuine cranberry and grape samples as well as extract mixtures of the two fruits (containing grape concentrations in the range 2.5 to 50%) have been analyzed by reversed-phase HPLC-UV. Chromatographic data registered at 280, 370 and 520 nm have been used as a source of analytical information that potentially contain descriptors of fruit products. PCA has been applied to carry out a preliminary evaluation of the suitability of the different sets of data and pretreatments applied. A further study by PLS has been conducted to quantify the percentage of grape extracts present in the samples. PLS results have proved that the proposed method is suitable to detect adulteration of cranberry extracts. Results have been considered as the basis of further comprehensive authentication studies of great interest in food control to prevent misuses.
EXPERIMENTAL

Chemicals and standards
Unless specified, analytical grade reagents were used. The mobile phase was prepared with Milli-Q water (Millipore, Milford, MA), formic acid (99% w/w, analytical grade, from Merck, Darmstadt, Germany) and methanol (MeOH, from Panreac, Barcelona, HPLC grade).
Samples
Cranberries and grapes (fresh fruits and raisins) were purchased from Barcelona markets. Prior to sample treatment, fruits and raisins were lyophilized to obtain a powdered product similar to natural or commercial pharmaceutical samples. For that purpose, samples remained 24 hours inside a lyophilizer (Lioalfa-6, Telstar, Terrassa, Spain) from -80 ºC to room temperature and after that fruit products rested 6.5 h at 40ºC.
Sample treatment was carried out following a previously described method [24] . Briefly, 0.1 g of sample were dispersed in 10 mL of acetone:H2O:HCl (70:29.9:0.1 v/v/v) and sonicated for 30 min. The mixture was then centrifuged for 15 min at 3500 rpm, and the extracts were stored at -4ºC until analyzed. Before injection, extracts were filtered through 0.45 µm nylon filters (Whatman, Clifton, NJ, USA).
5 cranberry sample extracts and 5 grape sample extracts were processed as indicated above. Apart from the corresponding pure working solutions of cranberry and grape, mixtures with different percentages of grape as the adulterant were prepared, namely: 50% grape (5 samples), 10% grape (3 samples), 7.5% grape (5 samples), 5% grape (3 samples) and 2.5% grape (5 samples).
Liquid chromatographic method
The chromatographic system consisted of Agilent 1100 Series HPLC instrument equipped with a G1311A quaternary pump, a G1379A degasser, a G1392A autosampler, a G1315B diode-array detector and a PC with the Agilent Chemstation software (Rev. A 10.02), all of them from Agilent Technologies (Waldbronn, Germany). The separation column was a Kinetex C18 (100 mm × 4.6 mm i.d., particle size 2.6 µm) furnished with a SecurityGuard C18 cartridge (both from Phenomenex, Torrance, CA). The separation was based on the following gradient using 0.1% (v/v) formic acid aqueous solution and MeOH as the components of the mobile phase: 0 to 3 min, linear gradient from 5% B (initial conditions) to 25% B; 3 to 6 min isocratic step at 25% B; 6 to 9 min linear gradient from 25% B to 37% B; 9 to 13 min isocratic step at 37% B; 13-18 min linear gradient from 37% B to 54% B; 18-22 min isocratic step at 54% B; 22-26 min linear gradient from 54% B to 95% B; 26-29 min isocratic step at 95% B; 29 to 29.15 min back to initial conditions at 5% B and from 29.15 to 36 min isocratic step at initial conditions at 5% B. The flow rate was 1 mL min -1 and the injection volume 10 µL. Chromatograms were recorded at 280, 370 and 520 nm.
Data processing and analysis
Chromatograms were pretreated as follows to improve the data quality while minimizing solvent and matrix interferences, peak shifting and baseline drifts. The working Stand Alone Chemometrics Software (SOLO) from Eigenvector Research was used for PCA and PLS calculations [26] . A detailed description of theoretical background of these methods is given elsewhere [27] .
For exploratory studies by PCA, data matrices were built from chromatographic profiles recoded for the set of samples under study. In all the cases, data was autoscaled to provide similar weights to all variables. Scatter plots of scores and loadings of the principal components (PCs) were used to investigate the structure of maps of samples and variables, respectively.
The quantification of the percentage of grape extract in the samples was based on PLS. Samples available were distributed among training and test sets as follows. Training set: 100% grape (3 samples), 50% grape (3 samples), 10% grape (2 samples), 7.5% grape (3 samples), 5% grape (2 samples), 2.5% grape (3 samples) and 100% cranberry (3 samples). The remaining samples considered as unknown were used for validation and prediction purposes. For both training and test steps, X-data matrices consisted of the chromatographic profiles of the corresponding matrices and the Y-data matrices contained the grape percentages.
RESULTS AND DISCUSSION
Principal component analysis
First, some preliminary HPLC-UV analyses of pure cranberry-based and grape-based extracts as well as cranberry samples adulterated with grape extracts were performed. As an example, Figure 2 compares the chromatograms of representative cranberry and grape samples. It can be seen that the intensity of cranberry signals is about 10-fold higher (or even more) than that of the grape samples. Furthermore, the chromatogram of cranberry is much richer in peaks and, thus, in the diversity of compounds. For this reason, the chromatogram of cranberry samples adulterated with 10% grape was very similar to that of the pure cranberry (see Figure 2) . Anyway, when focusing our attention on selected time windows some characteristic features of grapes can be observed. The intensity of these features is low so that they appeared imbibed below the greater contributions of cranberry components. This finding suggests that the detection of the addition of low percentages of grape as adulterant of cranberries will be difficult as characteristic grape peaks are minor and scarce.
Preliminary PCA characterization was attempted using raw chromatograms at 280, 370 and 520 nm as the analytical data (see representative chromatograms of a cranberry sample and a grape sample in Figure 3 ). The performance of the resulting models was quite limited due to experimental variability (e.g., peak shifting and baseline correction) that strongly affected the distribution of samples. It was thus concluded that chromatogram preprocessing was recommendable to enhance the analytical performance of PCA models.
For that purpose, data was treated subsequently as indicated in the experimental section to obtain the corrected chromatograms. PCA on these data sets indicated that samples were much more structured according to the grape percentages so results were studied more thoroughly as follows. In the case of chromatograms at 520 nm, despite the occurrence of some colored components absorbing at this wavelength, the magnitude of the corresponding peaks was low (see Figure 3 ) so that the discrimination performance was poor.
At 280 nm, conversely, chromatograms displayed multiple high intense peaks basically attributed to the polyphenolic families of benzoic and cinnamic acids ( Figure  3) . Unfortunately, the strong peak overlapping due to the coelution of intense absorbing compounds hindered the extraction of robust conclusions. As an additional drawback, the contribution of characteristic grape components to the signal fingerprints was much lower than that attributed to cranberry species. In this way, although samples with high grape percentages (50% grape) appeared far away from pure cranberries, those with grape contents lower that 10% were hardly distinguished from unaltered cranberry extracts.
Chromatograms recorded at 370 nm (Figure 3 ) reflected the diversity of components belonging to flavonoid families including, for instance, monomeric and polymeric (PAC) catechins. In contrast, multiple peak coming from phenolic acids were avoided. In this case, chromatograms were simpler than those recorded at 280 nm and peaks were better resolved. Besides, various small features quite characteristic of grapes were detected so that we believed that the discriminant capacity of this set could be better (especially regarding PAC components). Figure 4 shows the scatter plot of scores of PC1 versus PC2. Samples with similar grape percentage were grouped in close positions. PC1 described the sample distribution as a function of cranberry content, with pure cranberry extracts at the right and the most contaminated ones (50% grape) at the left. Accordingly, those mixtures with low grape amounts were found next to the genuine cranberry cluster. PC2 discriminated among pure grape (top) and cranberrycontaining samples. The study of loadings revealed the most significant variables governing study. Characteristic peaks of cranberries had high loading values on PC1 while peaks of grape components displayed high levels on PC2. This exploratory analysis PCA allow us to propose polyphenolic chromatographic profiles recorded at 370 nm as the best data-set to carry out further studies.
Partial least squares regression
PLS was applied to quantify the grape percentage of adulteration in the cranberry sample extracts under study. The PLS model was first established on the data set of calibration as indicated in the experimental section. Results discussed here corresponded to data recorded at 370 nm. It should be mentioned that models using chromatograms recorded at 280 and 520 nm were also investigated but, again, the most satisfactory PLS results were obtained at 370 nm. The number of latent variables (LV) to be used for the assessment of the model was estimated by cross validation on random sets, considering 4 data splits and 20 iterations. As shown in Figure 5b the lowest prediction error was attained with 4 LV so this number was chosen for further studies. Figure 5b depicts the scatter plot of scores on LV1 and LV2. The distribution of samples was in agreement with the grape contents, with pure grape extracts on the top left corner and genuine and low adulterated cranberry extracts on the bottom right corner. The performance of predictions of grape percentages in both calibration and prediction steps was evaluated under the selected model conditions. Training and test results have been summarized in Figures 5c and 5d , respectively. It can be seen that the agreement between actual and predicted values was highly satisfactory. In the case of the test set, overall prediction errors were below 5%. Therefore, it was concluded that the method was suitable to quantify the percentage of grapes as adulteration matter of cranberry samples.
CONCLUSION
In this work, we have demonstrated the suitability of chromatographic fingerprints as the source of data to carry out the study of the authentication of cranberry samples. The percentage of grape added as adulterant to the cranberry extracts can be determined by multivariate calibration using partial least squares regression. Data preprocessing, especially peak alignment to minimize the feature variability among chromatograms, has shown to be essential to obtain suitable calibration models and accurate predictions. From the chemometric point of view, the complexity of the analytical problem to be solved arises in the fact that the number (and intensity) of characteristic features of grape signals is much lower than that of cranberry and, in consequence, the detection of low amounts of grape is envisaged as a difficult issue. Despite the poor selectivity and sensitivity of grape fingerprints, chromatograms at 370 nm, which display polyphenolic features mainly associated to single flavonoids and polymeric catechins, show some characteristic grape peaks. Indeed, these features results in the basis to tackle the grape quantification. Behind these particular results, we guess that the strategy proposed here may be extended to other food adulteration cases and sample authentication could be conducted in a similar way. 
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